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BIOGRAPHICAL NOTICE OF THE 
AUTHOR 

Cyril Frederick I,an-Davis was born at Bromley, 
Kent, on 25th April, 1887, and was elected in 1897 to a 
Scholarship at St. Paul's School, being placed first in 
the examination after allowance for age. His prepara- 
tory school was Mr. Hardie's, Linton House, Holland 
Park. On leaving St. Paul's he studied at the Royal 
Polytechnic and under Professor Carl Pearson and 
others at University College, London, matriculating 
at London University. He spent a short time as a 
working engineer at the great Elswick factory of 
Armstrongs, Newcastle, under Mr. James Thomson. 

C. F. Lan-Davis entered the employment of J. H. 
Dallmeyer, Ltd,, when the late Earl of Crawford. 
F.R.S , was chairman, and Mr. T. R, Dallmeyer was 
managing director, while the scientific adviser was Mr. 
St. Lawrence Carson, M.A. He became secretary and 
a director of the company, the new factory at Willesden 
being erected under his supervision. While thus 
engaged he took out several patents for improvements 
in photographic and telephotographic lenses. He was 
elected Fellow of the Royal Photographic Society, and 
a member of Council of the Optical Society. At the 
Optical Society he read on December 13th, 1910, an 
essay on the Theory of the Iris Diaphragm, which 
attracted much attention. Another dissertation, on 
Sector Shutters, given before the same Society on 
June 20th, 1912, indicated further the attention which 
he was bestowing on mechanical adjuncts to lenses, in 
connection with which he made useful practical inven- 
tions. The paper was described in the general Press as 
" most instructive," but on its reproduction in the 
Proceedings of the Society, its technicalities led to a 
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playful reference in verse in the " Amateur Photo- 
grapher," from which an extract may be made : — 

At dawn I grappled with the sector shutter. 
At Abney's beck the midnight oil I burned. 

Lens-testing made me miss my tiread and butter, 
And every worldly gaiety 1 spurned, 

Until 1 had digested some Lan-Davis, 

(And learned what the existence of a slave is). 

C. F. Lan-Davis had been early interested in motoring, 
and when aerial flight became practicable he embraced 
the new pursuit with enthusiasm. 

He first constructed a glider, but purchased a Valkyrie 
aeroplane, took lessons under Grahame White at 
Hendon, and after an accident there in July I2th, 1913, 
which proved no deterrent to his zeal, " took his 
ticket " (gained his certificate as a pilot from the Aero 
Club) at Brooklands in March, 1914- He had served 
three years as a Naval volunteer on the Buzzard in the 
Thames, and in June, 1914, he offered himself and was 
accepted for the Royal Naval Air Reserve. At the 
outbreak of war he volunteered for immediate service, 
and was gazetted sub-Lieutenant on August 5th, 1914, 
and Lieutenant on October 31st, 1914, in the Royal 
Naval Air Service. He trained at Eastchurch. and was 
employed in the patrol of the East coast of England. 
Here he had a second accident through the premature 
explosion of a bomb during a flight over the sea, was 
saved from drowning by his observer, Hendry, and was 
restored to health at Lady Somerleyton's Hospital. 

In January, 1915, the first Zeppelin raid was made on 
this coast. FUght-Lieut. C. F. Lan-Davis, R.N., 
R.N.A.S,, was stationed at Yarmouth, and implored his 
Commanding Officer (who afterwards perished gallantly 
in an experimental flight) to be allowed to attack the 
two Zeppelins which visited that port. There was a 
short but probably sufficient previous intimation of the 
approach of one or both. C. F. Lan-Davis's request was 
refused, and no aerial counter-attack was made by the 
Yarmouth garrison, a church and other buildinp being 
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injured with impunity by the invaders. Lan-Davis 
asked to be removed and was lent to the South African 
Government, by whom he was detailed to supervise 
the construction of its aeroplanes in France. Here he 
took a machine laden with fuel sufficient for 4 hours and 
a passenger to a height of ro,ooo feet in 35 minutes, a 
remarkable feat in those days (1915)- Lord Stopford 
communicated to him the official thanks rendered to the 
Home Government by the South African Government 
for his services, but the early success of General Botha 
ftiade it needless for Lan-Davis to proceed to South 
Africa, and his next employment was at the air base of 
Imbros, from which our aeroplanes co-operated with 
the forces in the Gallipoh Peninsula. He directed the 
photography of one of the Wings, and has himself 
described how he built the dark-room which was amcng 
the principal constructions in the Island. 

" There were tew stores," he wrote, " and tools available, and 
only by going round personally begging from the Ark Royal, 
Egyptian Engineers, maps office, etc., was I able to get started. 
I finally succeeded in getting a dark room built and equipping it. 
The best method ot attachment of the camera to a machine 
presented difficulties, as the home idea had been U> hold the 
camera in the hand. This vma clearly impossible on Morane 
Parasol machines, where the camera, in order to avoid cutting 
off, must be on the outside. I arranged a suitable bracket fur 
holding the camera and proper boxes to hold the plates, and also 
built on the camera-s sent a direct-vision wire-finder. The 
iiitders sent were of no use, and, without one, the amount of the 
country included in each photograph and the proper overlapping 
cannot be at all correctly estimated, 

" I carried out a number of trials in order to find the correct 
exposure, and asresultsof some kind were urgently needed, started 

" It was immediately apparent that the materia! supplied from 
England though better than nothing, was not so good as could 
be got and I reported . 

" Pilots were advised as to the proper heights for flying and 
photographic observers trained. The dark room was got into 
proper working order and the photographs turned out quickly, 
and a beginning made with a tracing and filling. 

" From plates exposed on one day. clear bright prints were 
supplied to the Maps Office by the next day, and in some cases 
enlargements made. A number of trench and other maps have 
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been made from them and I may fairly daim that the work 
turned out is really satisfactory and of use to the General Staff. 
Observers from the Ark Royal and Captains of the monitors have 
asked for copies of the photographs which they found of 
considerable value. No. 3 Wing has for long been photographing, 
but No. 2 Wing results, and volume of work turned out, compare 
favourably." 

A few days after he had penned this memorandum, 
Lieut. Lan-Davis became missing; and Sir Charles 
Walker, K.C.B., ultimately wrote for the Admiralty (in 
1918) that, in view of the time which had elapsed since 
he was last seen, the Admiralty had approved ot his' 
■death being presumed lor official purposes as having 
occurred on the r4th October, 1915. He had obtained 
permission to go to Malta for dental attendance (his 
teeth having been injured in his Hendon fall), and it 
was the opinion of officials of the Red Cross Society 
that he had perished in a small boat on which he was 
taking passage. He had previously described in his 
letters how. when he went to Helles from Imbros, and 
when he flew to spot for guns, shells were falling around. 

His continued interest in the art to which he had 
devoted the best years of his short but active life was 
shown by his will, in which he left £5,000 to form a 
Pension Fund for persons'who had been employed under 
his direction in the works of J. H. Daliraeyer, Ltd. 

I.D. 

5th October, 1920. 
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INTRODUCTION. 

The outstanding feature of the telephoto lens is 
its power of giving large direct pictures of distant 
objects. A mountain twenty miles away appears 
insignificant in an ordinary photograph. A tele- 
photograph of the mountain may be made from 
the same standpoint, showing it thirty times as 
large as before. 

The telephoto lens stands, in fact, in the same 
relation to an ordinary lens that a telescope does 
to the unaided eye. Details which are quite 
invisible to an observer can be plainly shown on 
a telephotograph. In the picture on page 97, 
there is a general view of the Mont Blanc range. 
In the next two pictures on pages 108 and 107 
taken from the same standpoint with a telephoto 
lens, the very ridges and depressions in the snow 
can be seen. 

One of the earliest examples of telephotography 
was the famous picture of Mont Blanc taken from 
Geneva, forty miles away. An even more 
wonderful telephotograph of Mount Kenya in 
British East Africa is reproduced on pagcl. This 
was taken with a high-power telephoto lens from 
Nairobi, ninety miles away. 

Apart from these striking uses, the telephoto 
lens is of great value for photographs of subjects 
near at hand, and particularly for artistic por- 
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traiture. Those unnaturally magnified hands and 
feet which too frequently disfigure photographic 
portraits are conspicuously absent from pictures 
taken with telephoto lenses. It may be added 
that there are important advantages to be gained 
by the use of these lenses for the reproduction of 
jewellery, natural history specimens and small 
objects of all kinds, and for astronomical and, 
particularly, solar photography. 

In the following pages I have endeavoured to 
outline the theory of telephotography in the 
hope that this little book may be of service both 
to those who are at present using telephoto lenses 
and to those many others who think of so doing. 
In order that the essential simplicity of the subject 
may be shown, an attempi has been made to 
explain the theory in plain language without resort 
to complicated diagrams and mathematical ab- 
stractions, A number of numerical examples have 
been worked out. but for their comprehension a 
knowledge of simple arithmetic only is required. 

The literature of telephotography comprises 
some half-dozen volumes, all of which, with the 
exception of Mr. T, R. Dallmeyer's THepkoto- 
grapky, publishe<l in 1899, deal mtjre particularly 
with the practical side of the subject. Since the 
publication of Mr, Dallmeyer's book, there have 
been important advances in the construction and 
application of telephoto lenses, but there has been 
no general exposition of the theory of telephoto- 
graphv. 

CYRIL F. LAN-DAVIS. 
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EDITORIAL NOTE TO THE SECOND 

EDITION. 

In preparing this new edition of" Telephotography" 
I should like it to be understood that I wish to 
claim no credit for the very minor part which I 
have played in its production. I have been 
requested by the late Mr, C. F. Lan-Davis's father 
to effect such alterations as I might consider 
necessary in order to bring this work up to date, 
and I have endeavoured so to do without interfering 
with the general plan as originally conceived by 
the author. There has therefore been little tam- 
pering with the text where the principles of 
Telephotography are dealt with, the chief alterations 
being in the chapter deahng with eommereial types 
of teiephoto lenses. The recent advances in such 
lenses made some changes necessary. The book is 
therefore to all intents and purposes in much the 
same form as that in which it left the hands of the 
original author. As a co-worker for some time with 
the late Mr. Lan-Davis, and possessing on that 
account some knowledge of his methods it is 
perhaps fitting that mine should be the privilege 
of re-issuing it. I venture to express the hope 
that the book may be found as useful in the future 
as it has been in the past. 

L. B. BOOTH. 
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LIST OF PLATES 

. Mount Kenva, British East Africa, — Telephotograph, 
taken Irom Nairobi, 90 miles away, with a Dallmeyer 
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PLATE 

4. Jabez Wolffk Swimming the Chani 
the Adon lens, 14' can 



5. John Wycliffe's Church at Lutterworth. 

6. Taken with the Adon telijphoto lens from the 

standpoint as the picture in Piiite.s. at 17'exte 
Exposure, 3 seconds .... 

7. Taken with the Adon telephoto lens from the same 

standpoint as Plate 5, at 26" extension. Exposure 
with lo-times screen, 16 secords . 



I. Window. — Taken with the Adon with the baseboard 
tilted at 13° to the horizontal, focusing 
pendicular to the baseboard. Here the inner frame 
iippears wider at the bottom than at the top. 

. Window. — Taken under the same conditions as Plate 
!o. but with the camera back vertical. Here the 
inner frame is wider at the tup than at the bottom 

. Screw. — -Taken with the Adon, 24* distant from the 
object, at 11* 1 . _ . 



15. Taken from the same standpoint with a 7!' Dallmeyer 

Stigmatic and 3" Zei^s negative. Exposure, 10 
seconds ...... 

16. Taken from the same standpoint with a 7J' Dallmeyer 

Stigmatic and a ij" Zeiss negative. Exposure, 30 
seconds ...... 
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CHAPTER 1 
THE SCALE OF A PICTURE 
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THE SCALE OF A PICTURE 

Photographers speak commonly of a quarter- 
plate or a half-piate lens, meaning lenses that 
will fit quarter-plate and half-plate cameras 
respectively. Such lenses are, however, quite 
arbitrarily named, as a half-plate lens can be 
quite well used on a quarter-plate, and frequently 
also the quarter-plate lens will work weU on a 
half-plate. 

The distinguishing feature between them is 
the difference in their " focal length," this being 
the name given to the most important measurement 
in a lens. It is usual for the manufacturer to 
engrave the focal length on each lens, and to state 
it in his catalogue. Methods of determining focal 
length will be given later. 

If we compare the pictures of a house given, 
say, by a quarter-plate lens of 5" focal length, 
with that given by a half-plate of 7^" focal 
length, both usual sizes, we see that the house 
is half as large again with the 7^' lens as with 
the 5', and a proportionately less area of ground 
is included. That is, if the image of the house 
be 2' high with the 5" lens, it will be 8" high with 
the Tj" ; and we may say that, for objects a 
considerable distance away, the scale of the picture 
depends entirely on the focal length. 

For a picture four times as large as the 5' lens 
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we shal] then require a lens of 20" focal length ; 
for eight times one of 40", and in proportion. Now 
with ordinary lenses the distance from the lens to 
the ground-glass, generally called the extension 
or ba(^k focus, is nearly the same as the focal length, 

A Rapid Rectilinear or an Anastigmat of 20" 
focal length requires nearly 20" extension, so that 
to enlarge our picture four times compared with 
the 5" lens we require a camera four times as long ; 
for eight magnifications we should require a camera 
eight times as long, and in proportion,. 

Clearly considerations of bulk and weight will 
prevent any considerable enlargement in this 
m anner, 

To obtain large pictures at short extensions we 
require, then, a lens of great focal length, needing 
only small extension ; and these desiderata are 
united in the telephoto lens. 



POSITIVE AND NEGATIVE LENSES 

All lenses used for photography, such as Rapid 
Rectilinears, Anastigmats, and Portrait Lenses 
give a real image on a piece of ground-glass placed 
at their locus. Such lenses are classified a& 
"positive " lenses. 

With the lenses used in opera-glasses and 
diminishing-glasses a real image on a piece of 
ground-glass cannot be obtained, and these lenses 
are classified as " negative " lenses, and are said 
to give " virtual " images, such as those in a mirror. 
Long-sighted people wear spectacles with positive 
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POSITIVE AND NEGATIVE LENSES 7 

lenses, and short-sighted ones those with negative 
lenses. The two types may be easily distinguished 
by holding them a little way from the eye and 
notieing that objects seen through positive lenses 
are blurred and indistinct, whilst objects seen 
through a negative lens are quite sharp, but less 
than natural size. 

If, now, we combine a positive lens with a 
suitable negative, we obtain another positive 
lens, which njay be used for photographic and 
other purposes. 

Such a combination, if the focal lengths of 
positive and negative be properly adjusted, produces 
what is known as a telephoto lens, in which the 
focal length will be considerably greater than the 
extension required. 

The prototype of the telephoto lens is to be found 
in the Barlow lens used to increase the magnification 
of an astronomical telescope : this was merely a 
negative lens placed at some distance inside the 
focus of the object glass, in combination with which 
it produced a lens of considerably longer focal 
length, the extra extension required (and conse- 
quently the tube length) being very small compared 
with the increase in focal length : thus a much 
higher magnification was produced without a 
corresponding increase in length of telescope. The 
adaptation of the principle to photography was 
made almost simultaneously in 1891 by T. R. 
Dallmeyer in England, A. Duboscq in France, and 
Dr. A. Miethe in Germany. Though the idea, in 
connection with telescopes, dates from as far back 
as the time of the astronomer Kepler, in the 
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8 TELEPHOTOGRAPHY 

seventeenth century, the first practical telephoto 
lenses were not constructed until 1890 and 1891, 
since which time many different systems have 
been evolved. 
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PijiTE 2. — Himalaya Peak of over 22.000 feet Altitude, — Te!e- 
pbotc^raph with the Adon. (Kindly lent by Dr. W. Hunter 
Worlmiaii.) 
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TELEPHOTO LENSES IN RELATION TO 

DISTANT OBJECTS 

Positive lenses, as we have just seen, require 
extensions practically equal to their focal lengths, 
object and image being formed on opposite sides 
of the lens. 

Negative lenses do not give any real image, but 
a virtual one, lying on the same side of the lens as 
the object : they may he said to require a negative 
extension. One might therefore expect that a 
combination of the two would give an image 
somewhere between that given by either separately, 
i.e., say with a much shorter extension than that 
ordinarily given by a positive lens. This expect- 
ation is what is actually realized. When suitable 
positive and negative lenses are combined, the 
resulting focal length can be made much greater 
than the extension : and this is the chief advantage 
of the telephoto lens over ordinary lenses. 

This disproportion between the focal length and 
the extension depends on the ratio between the 
focal lengths of the positive and negative lenses 
or the " power " of the system. If, for instance 
we take a positive of 5" focal length and a negative 
of 2^" focal length, the ratio of the focal lengths of 
the positive and negative is 1:2. Then with 
7^" camera extension we obtain 20" focal length. 

If we change the negative to one of 1" focal 
length, making the ratio 1 : 5 instead of 1:2, 
the focal length at 7^" camera extension is 42^" 
instead of 20". 

13 
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14 TELEPHOTOGRAPHY 

Now the scale of the picture depends on the 
focal length and not on the extension. If we 
focus a distant group of houses with an ordinary 
lens of 8" focal length, requiring 7^" extension, 
and select one house the image of which is 1' high, 
then on substituting the telephoto lens, composed 
of the 5" positive and 2h" negative, for the ordinary 
lens, we should find that the image would be ^, or 
2^" high ; and with the telephoto lens, composed 
of the 5' positive and 1' negative, the image would 
be i^, or 5,'s' high. It is usual to speak of the 
difference in scale as a number of " magnifications " 
or " diameters." Comparing with the 8' ordinary 
lens the first telephoto lens, we may say that the 
number of magnifications or diameters is 2^, and 
that the second telephoto lens gives Sro magnifica- 
tions. 

In every case the magnification is the linear 
ratio of the size of picture given by one lens to the 
size of picture given by another, this being the same 
as the ratio of their focal lengths. We can therefore 
say that the telephoto lens of 20° focal length gives 
four magnifications compared with its positive 
only of 5" focal length. 

Here the word " magnification " applied to a 
telephoto lens means magnification compared with 
its own positive ; but when another lens is also 
mentioned, it means the ratio of the sizes of image 
or focal lengths of this lens and the telephoto lens. 

Clearly, then, by increasing the ratio of positive 
to negative we could get any magnification we 
pleased with a short-extension camera. 

But the positive and negative lenses must be 
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DISTANT OBJECTS 15 

separated a certain distance to give the required 
focal length, and this separation depends also on 
their focal lengths. 

The more we increase the ratio of positive to 
negative, keeping the extension fixed, the greater 
is the separation, and consequently the total 
length of the lens. For instance, at 7^' extension 
with the 5" positive and 2 J' negative, the separation 
for 20" focal length is 2-125", and at the same 
extension with the 5" positive and 1" negative the 
separation for 42^" focal length is 4'1". Moreover, 
as we decrease the focal length of the negative 'we 
necessarily also decrease its diameter ; so that with 
a given positive, increased ratio between the focal 
length of the positive and negative means decreased 
covering power and illumination, and conversely a 
lower ratio means increased covering power and 
illumination. 

Again, variation in the separation of the positive 
and negative lenses alters the focal length, 
extension, and covering power considerably. 

Taking again our 5' positive and 2V negative, 
we can draw up a table to show the focal lengths 
and extensions at various separations. 



^Een«'* F-teu.ion. 


Focal Length. 


Magnifica- 


Inches. ! Inches. 
3i 3 

3-1 ; 7 

3 ] 10 
^■8 j i7i 

21 j Ver^large 


5 

25 
■to 

50 

Very largo 


5 
8 

Very large 
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It will be noticed that very small variations in 
the separation make large differences in the exten- 
sions and focal lengths. If a greater separation 
than 5", which is equal to the focal length of the 
positive, were tried, the ordinary picture given by 
the positive would be formed in its normal position, 
and the rays of light would meet the negative lens 
beyond this position. We should then have a 
negative lens looking at a real object ; and this, 
as explained on p. 6, does not give any real image. 

As we decrease the separation the focal length and 
extension increase, until at 2^" separation they are 
both very large — that is, larger than any finite 
value we choose to put on thf m. If we wish to get 
a focus of 1000" we require a separation of 2'512', 
for 10,000" 2-501", and for infinite focal length 
and extension 2^" separation. 

We see, then, that with a 5° positive and 2j' 
negative we can obtain a sharp picture at all focal 
lengths above 5", and at all extensions exceeding 
zero. It is simply a question of the extension 
which is available, and of suitable mechanical 
means for varying the separation. 

Further examination of this table shows that 
the focal length is always equal to twice the exten- 
sion in use added to the focal length of the positive. 
The reason for doubling the extension is that the 
ratio of positive and negative focal lengths, or the 
power, is 1 : 2. If this ratio were 1 ; 5, we should 
have to multiply the extension by five and add the 
focal length of the positive. We should also in 
that case obtain the same range of focal lengths 
from 5" to infinity, and extensions from zero to 
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DISTANT OBJECTS 17 

infinity ; but the exten-^ions and focal lengths would 
correspond differently. 

If we make our 5' positive of 1 J" clear aperture, 
then the f/no. or intensity at each extension is 
found by dividing Ij' into the focal length. 



■t (/4 ; 



„ 2o- „ „ „ i — . or f/lC ; 

li 

SO that as we increase the extension and focal length 
we necessarily get a less rapid lens, requiring 
increased exposure. 

Another way of putting this, is to say that our 
positive of 5" focal length and 1^" clear aperture 
works at f/4. At 2^ magnifications the focal 
length has been increased 2J times, but the clear 
aperture is unaltered. The f/no. then, which, 
as before, is found by dividing the aperture into 
the focal length, has been increased 2i times, or 
the new f/no. is found by multiplying the stop of 
the positive by the magnification, i.e., f/4 by 2^, 
giving f/10 as the result. And f/10 requires not 
2^, but six times as much exposure as f/4. 

Exposure, then, increases theoretically as the 
square of the magnification ; but for distant subjects 
taken without a colour-screen, a rule of practice, 
founded solely on this observation, will generally 
lead to over-exposure. A safe working rule is 
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that exposure should be increased as one-half the 
square of the magnification. The apparent dis- 
agreement between theory and practice is due to 
the greater actinic value of distant subjects. 
When a properly adjusted colour-screen is used, 
the full exposure may be given, as described more 
fully on pages 106 to 110. 

Again, as we increase the extension and focal 
lengthof our telephotolens we increase the covering 
power. At a small extension only a small plate 
is covered, and at long extension a large plate is 
covered, the covering power increasing in proportion 
to the extension. The field of view included 
scarcely varies, but the size of each individual 
object increases. If our film or plate increased 
equally, the field of view would be little altered ; 
but as the telcphoto lens is generally used on a 
camera with adjustable extension but fixed size of 
plate, the field of view steadily decreases as the 
magnification increases. 

In connection with this subject ot covering 
power, it must be remembered that increase in 
the separation of the elements decreases the 
covering power, so that the field of view at 2^" 
extension -\vil\ be small. But using the lens on a 
quarter-plate, it may be said that with extensions 
of 5' and upwards, the field of view decreases in 
proportion as the magnification increases. 
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SOME COMMERCIAl- TELEPHOTO LENSES 

The earliest form of tclephoto lens consisted of a 
simple positive lens followed by a simple negative 
lens, the separation between them being variable. 
By this means a variety of focal lengths could be 
obtained, and high magnifleation seems generally 
to have been aimed at. Of this type was the 
simple Telephoto Lens patented in 1892 by T. R. 
Dallmeyer, who soon discarded it for a system in 
which the positive was a well-corrected photo- 
graphic lens and the negative was composed of a 
pair of doublets. This system is that still used by 
Messrs. J. H. Dallmeyer — the negative attachment 
being capable of being fitted to any good photo- 
graphic lens working at a reasonable aperture, the 
whole forming a telephoto lens of variable focal 
length and covering power. 

In the illustration, a quarter-plate Dallmeyer 
Stigmatie of 5.3' focal length working at f/6 is 
shown combined with one of these attachments 
of 2J" focal length. This telephoto system covers 
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a quarter-plate at extensions over 5^', and at this 
extension gives a picture on three times the scale 
given by the Dallmeyer Stigmatic alone, and at 
one-third of the intensity. At 10' extension the 
magnification is five diameters, the intensity corres- 
pondingly reduced to one -twenty-fifth, and the 
area illuminated sufficient for a half-plate. Any 
magnification over three diameters may be obtained 
by choosing a suitable extension. 

If a 8' negative be substituted for the 2^"^ the 
new telephoto system will cover a quarter-plate 
at extensions over 4|", and at this extension will 
increase the scale of the picture 2^ times, thus show- 
ing that the lower-power system has greater 
covering power for less magnification. This 
combination is to be preferred for flower studies and 
portraiture when only a little greater focal length 
than usual is wanted. For a good-sized head-and- 
shoulders portrait, one can with this lens keep ten 
to twelve feet from the sitter, and thus avoid the 
unnatural disproportion in the size of the features 
so apparent in photographs made with lenses only 
a few feet from the subject. 

If a 1^" negative be fitted in place of either the 
2|" or 3", very much higher magnification is 
obtained, and the least extension at which the plate 
is covered is proportionately lengthened, A nega- 
tive of this si/e may either be manufactured in 
the ordinary way, or it may be built up of other 
negatives placed in contact. Thus the 2" and 3" 
negatives used together give this focal length. If 
the camera be used at a fixed extension of say 10", 
then with the 3" lens we get four magnifications, 
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■with the 2^" five magnifications, and with the two 
together ten magnifications. Captain Owen 
Wheeler has gone even farther in this direction by 
combining three or four negatives, thoi^h the loss 
of light by absorption and reflection with such a 
combination may be considerable. 

In order to simphfy the calculations for exposure, 
niany makers engrave a scale of magnifications 
on the telephoto tube. This method, if the figures 
are not too small to read, is sufficient where the lens 
is used for distant subjects ; but the figures must 
not be relied on for near subjects, as the conditions 
are entirely altered by distance. An alternative 
method is the use of the Dallmeyer Calculator, a 
small spring tape-measure which is marked with the 
number of magnifications corresponding to each 
extension. A third method is sometimes adopted 
in which the " optical interval " is engraved on 
the lens mount. The magnification is then obtained 
by dividing the scale reading of the optical interval 
into the focal length of the negative. 

Where high magnifications or variable magni- 
fications are desired, it will generally be found 
necessary to fit a negative attachment to some 
existing well-correcfed photographic lens. Various 
forms of the negatives are adopted by the different 
manufacturers. The German firms, such as Goerz, 
Zeiss, Voigtlander, as well as some British firms, 
such as Ross, have used negatives consisting of a 
cemented doublet or triplet, in some cases even four 
lenses being cemented together. One British firm, 
J. H. Dallmeyer, prefers to use two cemented pairs, 
by which means shallower curves are possible, and 
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there is less ' pin-cushion ' distortion. It is not, 
however, every positive lens that can be satis- 
factorily used in this way, as the negative lens mag- 
nifies the aberratiops of the positive. Chromatic 
aberration, for instance, the presence of which 
means that the visual and photographic images 
do not coincide, increases as the magnification. 
Thus some lenses which arc reasonably well corrected 
for ordinary work fail altogether in telephotography. 
In the later telephoto lenses, it is curious to 
notice a partial reversion to the original types 
with simple positive and negative lenses, neither 
of which is corrected for use alone. Perhaps the 
best known of this type is the Adon Telephoto 
Lens, invented in 1899 and since greatly improved, 
optically and mechanically. 



This lens is of far simpler construction than the 
Kystem just described, The front portion js a, 
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cemented doublet of 4^" positive focal length, and 
the back a cemented doublet of 2" negative focal 
length. An iris diaphragnu is fitted to the aluminium 
mount, and the separation between the elements 
can be varied by rack and pinion movement. For 
greater portability the front is carried in a light 
sliding tube, which should be pulled out before the 
lens is used. The entire Adon weighs only 3 oz,, 
and is thus suitable for light hand-cameras, as well 
as for instruments of long extension and substantial 
build. 

The ratio of the focal lengths of the components 
is a little over 1 ; 2, with the result that for medium 
extensions the Adon gives a picture of three times 
the scale of an ordinary lens used at equal extension. 
It covers plates of from 3^ X 2j in. to 15 X 12 in. 
in size, provided there be camera extension avail- 
able. The focal lengths, extensions, intensities, 
and magnifications compared with 5" and 8" 
ordinary lenses arc shown in the table on p. 80. 

A model of the Dallmeyer Calculator marked 
with the f/no. and focal length at each extension 
is made, by the use of which all calculations and 
tables are dispensed with. 

The Adon can also be obtained with a higher 
ratio of positive and negative, peimitting of higher 
magnification in proportion to ejfteiision, 

The Adon telephoto lens is really a reversion to 
the earlier forms, with the impoi-tant difference 
that the ratio of the focal lengths of the components 
is low. It was the striving after abnormal magni- 
fications and striking results which for so long 
prevented telephotography front beiiig successfiil, 
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Apart from the light weight and small size of the 
Aden, It has the important advantage of possessing 
no internal reflecting surfaces. If an anastigmat 
and telephoto attachment are used together, there 
are inevitably two or more such surfaces, and 
reflections from these surfaces have a considerable 
effect on the brilliancy of the pictures. 



Camera I 
Extension ! 
(measured ' Fiical 
from Leng;th. 

Flange). ■ 



Linear | Li near 

Magnification Magnification 

compared | co mpared 

with 5' with i' 

Lens. Lens. 



On the other hand with the simpler systems 
available before the advent of the later fixed focus 
Telephoto lenses of large aperture, such as the 
Dallon, there is more distortion than with the more 
complicated types. This distortion, however. 
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appeai-s only at the edge of the field, and its 
undesirable effects can be entirely avoided by 
using the lens at a slightly longer extension. The 
Atfon win, for instance, cover a quarter-plate at 
5^" extension. If, however, it be used at extensions 
of 8' and over, there is no distortion on the quarter- 
plate. 

The table on p. 80 shows that the intensities 
available range from about f/10 downwards. In 
favourable circumstances, snapshots may be made 
with the Adon, particularly on the seacoast, where 
the light is strongly actinic ; but for general 
purposes the aperture is rather small. 

Of a somewhat similar type is the Zeiss Magnar 
with an aperture of f/10, patented in 1906. In 
order to obtain a larger aperture Messrs. Dallnieyer 
introduced their Grandac Telephoto Lens, in which 
a portrait lens of high aperture is used for the 
positive and a specially calculated pair of doublets 
for the negative. By means of the special soft 
focus adjustment in the portrait lens, the aberration 
can be so arranged as to give very perfect correction 
in combination with the negative. Remarkable 
results have been achieved by these lenses in the 
hands of capable photographers, one of whom, Mr. 
A. E. Dugmore, obtained strikingly beautiful 
pictures in photographing wild animals in Uganda. 
The apertures of all the above-mentioned telephoto 
lenses, compared with the ordinary photographic 
lenses, will be observed to be somewhat small, 
not exceeding in any case f/10. It was obvious, 
that any attempt to popularize tclephotograpliy 
must be in the diiection of increasing the speed of 
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the lens. In 1905 Messrs. Busch introducfed their 
Bis-Telar telephoto lenses working at f/7 and f/9 
and having fixed extension and focal length. These 
lenses consist of a cemented doublet for the positive 
and a cemented doublet for the negative, and the 
focal length of the complete system is about double 
the extension. In order to make the lenses compact^ 
i.e., to secure a short body length, very powerful 
positive and negative lenses are used, and the 
curves are very deep, and thus large opposed 
aberrations are made to balance. It is questionable 
therefore, if the correction is of the highest excel- 
lence, and whether the introduction of so large 
an amount of pin-cushion distortion, which is always 
the bugbear of the designer of the telephoto lens, 
is counterbalanced by the advantage derived from 
the short body. The lenses are interesting, as being 
the firsi of their kind of so large an aperture, and 
they are wondeifully compact. 

Messrs. Dallmeyer soon followed with their New 
I-arge Adons, also having fixed focal length and 
working at one particular extension. Two series 
were made, one at f/6, the other at f/4'5 — the 
latter being still made in an improved form, and 
possessing the largest aperture of any telephoto 
lens in commerce. Though the body length of 
these lenses is longer than in the case of the Bis- 
Telars, it is possible to correct the aberrations for 
a much larger aperture owing to the much less 
powerfully curved lenses employed. 

Messrs. Ross manufacture a lens of similar type — ■ 
the Telecentric. In this case, instead of a pair of 
cemented doublets being used, as by Biisch and 
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Dellmeyer, a triple cemented combination forms 
the positive : in other respects the general form is 
similar to that of the Dallmeyer New Large Adon. 
Two series are made, their apertures being f/5'4 
and f/6-8 respectively. 

Of the later forms of telephoto lenses, the first 
to be mentioned is the Cooke Telephoto Lens 
made by Messrs. Taylor, Taylor and Hobson (L. B. 
Booth's Patent, 8096/1914). This is an anastigmat 
lens having a positive consisting of two lenses 
comprising an air-space and a cemented doublet 
for its negative. The pin-cushion distortion so 
prevalent in telephoto lenses has been reduced to a 
negligible amount and the definition, at an aperture 
of f/5-8, is anastigmatic : in simplicity and efficiency, 
it represents a considerable advance. The lens wa.s 
supplied in some quantity by the makers to the 
Government during the war. The magnification 
remains much the same as for the Bis-Telar, the 
New Large Adons and the Teleccntric, namely, 
two. 

Following this is the latest production of Messrs. 
J. H. Dallmeyer, the Dallon Telephoto Lens (L. B. 



Fro. 3 (Half-siie). The Dallon. 
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Booth's Patent, July 25th, 1919, No. 18,468). 
In this lens, by the use of special glass made for 
the manufacturers, it has been found possible to 
dispense with an air-space, and an anastigmat 
lens is produced giving very perfect definition, 
with a minimum of pin-cushion distortion, by the 
use of two cemented pairs only. This is probably, 
therefore, the simplest form of efficient telephoto 
lens which can be produced. The makers list three 
series, f/5-6, f/6-5, and f/T'T, the Jocal length in 
each ease being approximately double the extension. 
The f/5'6 series replaces the f/6 New Large Aden, 
having about the same dimensions ; the f/7'7 
series represents an attempt to reduce dimensions 
to something like those of the earlier Bis-Telars — 
it has a considerably smaller body length as well as 
diameter compared with the series of larger aperture; 
the f/6.5 series is intended for cameras the shutter 
apertures of which do not allow the, use of so large 
an aperture as f/5-6. Of telephoto lenses of higher 
magnification and large aperture, there appear to 
be very few, at any rate listed by manufacturers. 
It is, however, possible to anticipate a little in 
these pages. 

Messrs. Taylor, Taylor and Hobson have produced 
a Telephoto Lens of 2| magnifications (Horace 
Lee's Patent, Sept. 18th, 1918, No. 132,067) using 
for the positive a cemented doublet and for the 
negative a cemented triplet. It is claimed for 
the lens that it is anastigmatie and works at an 
aperture of f/7'5. One was made for the Royal 
Air Force having a focal length of 36 inches, with 
a camera extension of a little over 14* inches, the 
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plate for which it was intended being 24 cm. X 
18 cni. 

Messrs, DalUneyer have produced a similar 
Telephoto I/cns of. 2J magnifications (L, B. 
Booth's Patent, No. 151507, 1919) using cemented 
doublets for positive and negative. The lens is 
anastjgmatically corrected and works at an aperture 
of f/6-8. It is intended to replace an older series 
of large Adons, in which, owing to the great powers 
of the positive and negative, it was impossible to 
obtain perfect correction for the various aberrations 
for a greater aperture than f/10. The lens is known 
in commerce as Dallon Series XVII., and the size 
listed and made is No. 2, having an aperture of 
f/6'8, focal length 15 inches, with an extension of 
6 inches. 

The fixed focus type is just as simple to use as 
an ordinary lens of the same aperture^there are 
no calculations whatever to be made. The f/5'6 
Dallon, for instance, is attached to the camera, 
and focused on the ground glass. Exposures are 
made just as for any other lens at f/5'6. There is, 
of necessity, less apparent depth of focus with a 
long-focus lens than with a short-focus lens, and 
hence focusing must generally be a little more 
accurate with telephoto lenses than with ordinary 
lenses having the same extension. They are 
_ therefore particularly suitable for reflex cameras, 
where the image may be focused up to the moment 
of exposure. 

The advantages of the telephoto lens, particularly 
in these days when such perfect instruments are 
obtainable, will now be obvious. Large-scale 
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pictures are obtained direct on small cameras, thus 
saving the provision of heavy and bulky apparatus. 
If a lens of variable focal length is used, the size of 
the picture and the angle included can be varied 
at will without change of standpoint. Details 
previously invisible are shown in the photographs, 
and the trouble, loss of quality and granular effect 
due to ordinary enlargement are eliminated, though 
telephotographs may be subsequently enlarged to 
obtain still higher magnification. In the case of 
the larger aperture modern telephoto lenses, it has 
come to the knowledge of the editor that the 
Series VI. and Series XVI. Dallon telephoto lenses 
have both actually been used as positive lenses with 
a high power negative placed behind them, and 
the results obtained have been admirable. 

It migh; be well to utter one word of warning 
as regards stopping down. In the ease of fixed 
focus telephoto lenses and ordinary lenses the 
makers usually place the stop in the correct position 
and if the image be focused at full aperture, 
stopping down will not reduce the field. Where 
variable magnification is used, it is impossible to 
place the stop in any position which will be con- 
sidered correct, owing to the alterations in the 
length of the system. Optically, the stop usually 
placed in the positive lens (probably an anastigmat 
lens) is not correctly placed. It might, therefore, 
easily happen, that though the screen is exactly 
illuminated all over when focused at full ai>erture, 
stopping down reduces the circle of illumination, 
and the resulting photograph would show black 
patches at the corners. It will, on this account, 
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be well, if possible, to examine the screen with the 
lens stopped down to the aperture intended to be 
used, before making the exposure. 

There has hitherto always existed a certain 
popular prejudice against telephotography, and 
before the appearance of the modern types of fixed 
focus lenses, there were certainly difficulties attached 
to the use of telephoto lenses, though these were to 
a large extent due to the employment of negative 
attachments of too high a power. In these days 
there exists no longer any reason for such a prejudice. , 
Let thelandscapephotographer take out with himan 
ordinary lens and, say, a 2-magnifieation telephoto 
lens working at f/5'6. Let him try to photograph, 
say, the approach to a village from a highway or 
lane. In all probability, his ordinary lens will 
show him an immense and dreary foreground 
consisting of expanded road, unduly magnified and 
made to look enormously wider in the near distance. 
With the telephoto lens, he picks out just the part 
he wishes, and the picture seems automatically to 
make itself without any perceptible effort on the 
part of the photographer. What was in the first 
case an unnaturally exaggerated and uninteresting 
foreground will not enter into the new composition 
at all, and whatever part of the road may be 
included will be rendered in proportions which 
will be much more correct in relation to the main 
object photographed. This experience has been 
so constantly that of the writer, that he has almost 
discarded the short focus lens for this class of work, 
and retained it only in such places as towns and 
villages with narrow streets where it is impossible 
D 
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to recede far enough from the object to use a long- 
focus lens. The day must, however, now be near 
when the camera makers and dealers in photo- 
graphic goods generally will sell the telephoto 
lens as the ordinary and correct equipment for a 
camera, rather than as a purely auxiliary and 
subsidiary piece of apparatus for the armament of 
the few and the more expert. 
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THE TELEPHOTO LENS IN RELATION TO 
NEAR SUBJECTS — EXPOSURE — DEPTH 
OF FOCUS— PERSPECTIVE— TELEPHOTO 
MICROGRAPHY 

We have seen the advantages and disadvantages 
of the telephoto lens for distant subjects, and may 
now discuss the even more interesting case of its 
use for near subjects, for which purpose we must 
examine its optical properties more closely. 

According to the theory of geometrical optics, 
light travels in straight lines, and every luminous 
point emits rays in all directions equally. Such 
rays are treated as parallel when the luminous 
point is at a great distance. When a number of 
rays impinge on the surface of a positive lens, they 
are reunited in the focus of the lens after undergoing 
various refractions at the various lens surfaces. 
By tracing the paths of the rays mathematically, 
one may determine the exact position of this focus, 
provided that certain data as to the lens are given. 

Fortunately, however, it is not always necessary 
to calculate the refractions which the ray undergoes. 
The actual lens may be replaced by a series of 
points, known as the " cardinal points," by which 
its effect is fully determined. These " cardinal 
points " are the two focal points on opposite sides 
of the lens at which parallel rays are brought to a 
focus, and two points called either the " principal 
points " or the" nodal points," which are imaginary. 
They usually fall inside the lens, and are such that 
to an object placed at one principal point there 
corresponds at the other principal point an image 
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of exactly the same size and the same way up. 
The distance between the principal point and the 
focal point on one side is exactly equal to the 
distance between the other principal point and the 
other focal point, both distances being defined as 
the focal length. In the following figures the 
lenses are, for the sake of greater clearness, shown 
as simple glasses, but the same reasoning applies 
to the more complex forms generally used. 

In Fig. 4, L is a lens which is receiving on its 
front surface a pencil of rays coming from a distant 
object. 

These parallel rays are brought by the lens to 
a focus at F^, which is the point where the ground- 
glass is placed. 

Pj, Pj are the principal points, which usually 
fall inside the lens, and F,, F„ are the two focal 




Fig. 4,— Ordinary lens. 



points, which always fall outside the lens. The 
pi'incipai points are quite close together, and are 
sometimes treated as one point called the optical 
centre. 

Then P, Fj-Pj F^, and this distance is the 
focal length, which is equal on both sides of the 
lens. In other words, the focal length is constant, 
whichever side of the lens faces the light. 

The extension or back focus is L F,, and this in 
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the figure is nearly equal to Pj F^, the focal length, 
as is the case with all positive lenses. The exact 
position of the principal points differs in various 
constructions, but in each case these points fall 
within or near to the lens, so that the extension and 
the focal length are substantially equal. 

When a negative lens is combined with a positive, 
the positions and separations of the principal points 
in the complete system are quite different from 
their positions in either element. The effect of 
the negative lens is to throw both principal points 
unequal distances in front of the positive component, 
and the focal points are as before on opposite sides 
of the lens. 

The focal length of the system is, as befoie, 
equal whichever side of the lens faces the light, 
but the extensions are quite different. 

In Figure 5, light from a distant subject shown 
as parallel rays is incident on the positive lens 
L,, and after passing through the negative Lj is 
brought to a focus at F^. The corresponding focal 
point on the other side is F^, and the principal 
points are shown at Pj and P^. 




Then 

Focal Length - Pi F, - P« Fj = F (say) 
and Extension = L^ F^ = v (say) 

D,gn,-.rihyGOO^Ie 



46 TELEPHOTOGRAPHY 

This extension is a fraction of the focal length 
depending on the ratio of the focal lengths, or 
of the powers, which are the reciprocals of the 
focal lengths of the components. 

Conversely, if we reverse the telephoto lens, 
then the extension Lj F, is some multiple of the 
focal length, dependent also on the ratio of positive 
and negative. In this case the extension is much 
greater than the focal length. 

For near subjects, with both ordinary and 
telephoto lenses, the position and scale of the 
image are determined by the distance of the object 
from the first focal point and by the focal length. 
This distance divided by the focal length is equal 
to the reciprocal of the magnification, which is 
the ratio of the size of the image to the size of the 
object. The term " magnification " is used whether 
object or image be larger. In the first ease, it is 
less than unity, in the second case greater. This 
use of the word should not be confused with the 
sense in which we previously employed it. Now it 
refers to object and image. Previously it referred 
to two different images. 

For instance, with a lens of 24° focal length 
and an object 8 ft. from F 

1 
Magnification = 96 =^ J 



In positive lenses the distance of Fi from the 
lens is practically the same as its distance from the 
first principal point Pj, which lies in or near to the 
lens, and this distance is the focal length. 
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The total distance of an object from a positive 

lens for a magnification r; is therefore 

MF + F (1) 

On the other hand, in telephoto lenses the 
distance of Fi from the front lens is the distance 
of Fj from P^, plus the distance of P, from the 
lens, and this may be considerable. If m be the 
ratio of the focal lengths of the components of the 

/ 
system, i.e. m = 4, then the total distance of an 

object from the front of the telephoto lens foi- a 

magnification jt; is 

MF + mF 4-/2 . . . . (2) 
or for equal magnification in the two cases the 
object must be placed a distance of 
(m— 1) F + /^ 

farther from the telephoto system than from an 
ordinary lens of equal focal length. 

That is, the distance from the object with a 
telephoto lens is greater than with an ordinary 
lens by the distance by which the principal point 
has been thrown forward. 

Correspondingly, the extension with the tele- 
photo lens is less than the extension with an ordinary 
lens by the distance by which the second principal 
point has been throMTi forward, and this distance 
in symbols is 

F 
F - ^ + /a 
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The extension with an ordinary lens is 

l + r . . . . . (3) 

and with the telephoto lens 

F F 

M+S-/= ■ • ■ (*' 

Clearly, as m increases both these differences 
increase, and the teleplioto effect, as we may call 
it, becomes more marked. 

To take an example, we wish to reproduce an 
object in one -third natural size, first with an 
ordinary lens of 20" focal length ; secondly, with 
a telephoto lens of 20" focal length, positive of 
5* focal length, negative oT 2j" focal length. 

First, 

Distance of object from lens = 8.20+20 = 80' 

8.20+20 
Distance of image from lens = -a = 26'7 

Secondly, 
Distance of object from front lens 

=r 3.20=2.20=5 + 105' 
Distance of image from back lens 

20 20 

= v + ^ - 2i = i"' 

In this case the telephoto lens has to be placed 
more than 2 feet farther from the object, whilst 
the camera extension is only just over half that 
required for the ordinary lens. The principal 
points are here separated by 15|° ; the first principal 
point is 25" in front of the front lens, the second 
principal point 12j" in front of the back lens, and 
the separation of the lenses Sj". It will be observed 
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that the over-all distance is 12^" greater with the 
telephoto lens. 

If, now, we have an object 105' away which 
we wish to reproduce on the scale of one-third, 
we require, as formula (1) shows, an ordinary 
lens of 26^' focal length, whereas by {2} the tele- 
photo lens for the same reduction need be of only 
20' focal length. If, then, the two lenses be of 
equal clear aperture, say 2", the telephoto lens 
works at f/10 and the ordinary lens at f/13, and the 
latter appears to require nearly twice as long an 
exposure as the former. As, however, the fronts of 
the telephoto lens and of the ordinary Jens are at 
equal distances from the subject, and the images 
are of equal size, the exposures required are 
identical. 

When, however, the focal lengths of the telephoto 
and ordinary lenses are equal, and the scales of 
image and clear apertures are the same, the dis- 
tances from the lenses to the object are unequal. 
Exposures are then, as in the example on p. 48; 
in the ratio of the square^ of the distances, according 
to the well-known law of inverse squares. With 
the ordinary lens the distance was 80", and with 
the telephoto 105". The exposures are therefore 
as 80' : 105', and with the telephoto lens the plate 
requires nearly twice as long an exposure as with 
the ordinary construction. 

This increased distance between object and lens 
applies only to near subjects. As the distance 
grows large, the difference between the distance 
from the principal point and the distance from the 
lens diminishes and finally vanishes. For practical 
purposes the difference vanishes at a distance of 
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about one hundred times the focal length. The 
decrease in extension applies, however, both for 
near and distant subjects. 

DEPTH OF FOCUS 

TiiEOBETlCALLY, no lens, except a pinhole, has 
any depth of focus. Every object has an image 
corresponding to itself ac a definite distance from 
the lens. When a 5" lens has been focused for an 
object 500 feet away, we must alter the extension 
for one at 505 feet distance ; just as when the lens 
has been focused for an object 5 feec away, we must 
alter the extension in order to focus one which is 
at 10 feet distance. The change of extension in 
the one case is '00004 of an inch, and in the other 
'24 of an inch. 

Practically, therefore, with this 5" lens, pinholes 
placed 500 and 505 feet away would both be in 
focus together, whilst those placed 5 and 10 feet 
away would not bt. Each pinhole throws out a 
cone of rays which entirely fills the lens, and this 
cone is brought to a focus after passing through the 
lens, and diverges immediately after focus. The 
diameter of the cross-section of this cone of rays 
determines the sharpness on the plate. According 
to the usual convention, the image is sharp so long 
as the diameter of this cross-section does not exceed 
1/100". At 10" the nearest distance of distinct 
vision, a circle of this size appears as a point. If, 
however, the picture is to be subsequently magnified, 
1/250 of an inch is a better measure. On the other 
hand, large pictures are generally viewed consider- 
ably farther away than 10 inches, and therefore 
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the permissible circle may be then larger than 
1/100'. 

We know that for equal magnification with 
lenses of equal focal length of ordinary and telephoto 
construction, the object must be farther from the 
telephoto lens. The cone of rays from the pinhole 
is thus of less angular diameter for the telephoto 
lens, and the cone of rays on the image side is also 
of less angular diameter. It takes longer, theiefore, 
for the cross-seetion of this cone to attain the size 
of 1/100", or in other words the telephoto lens has 
for near subjects greater depth of focus than an 
ordinary lens of the same focal length. 

On this and next page. Figure 6 represents the 
case of an ordinary lens, and Figure 7 that of a 
telephoto lens of equal clear aperture. The size 
of image in each case is identical, with the result 
that the telephoto lens has to be placed farther 
from the object than the ordinary lens. The 
lenses are shown as straight lines at L L, Lj L|, 
Lj Lj respect ivtly. 



FjG. 6. — Ordinary lens. 

If the point Aj is sharply focused at A'l, and 
the point A^ a little nearer to the lens is taken, 
then in the upper figure the cone of rays sent out 
by Aj entirely fills the lens L, and the image cone 
is brought to a focus St A'j a little beyond A'l. 

ih,Goo^le 
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If H focusing Hcrt-on be placed at A'l the cioss- 
scL'tioti of the tone focusing at A'j is of a certain 
«izc. 



In the lowci- figure the cone of rays i^jsuing 
tVoni \\ ontin-ly fills the lens L, Lj, but the 
(Hamctir of its eross-seetion on the principal plane 
I*, is I>, K,, wliieh is less than the diameter of the 
lens I,. The angle nt' the cone of rays forming the 
image at A*^ is therefor* smaller than the corres- 
(Miitding oone in the case of the lens L L, and the 
tliantf tet of its cross-section at A', in the lower figiu-e 
is less than in the upper, giving the etfect of 
iuereastHi depth of focus. 

The additional exposiir*-, in accordance with 
thv law of inverse squares mentioned above, 
uecessary to tH>mpeusate for the increased distance 
tViHU the object, must, however, be remembered, 
and the statement ab^>ve is then only a variation 
of the well-known pr».>position that depth of focus 
is ineteasitt by rtttuctiou i.if aperture. 

This law of inverse stjusjes holds strictly for 
rays fn.>m a p(.>int-somx'e of light, irtct^feat oo 
surtiiLvs in an otherwise dart room. It does not 
apply strictly to photographic work imder iKinxial 
cou<.lttious. The atmoi^phere itself is huttinoas. 
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and tends to reduce the additional exposure 
required. 

It is probably true, therefore, that for equal 
depth of focus with lenses of the same focal length 
and diameter the telephoto lens requires less 
exposure. 

Of course, if a Sj" f/6 anastigmat and a 12' 
f/6 telephoto lens are both fitted to a reflex, the 
depth with the anastigmat will be much greater 
than with the telephoto. But if lenses of equal 
focal length be compared, the telephoto should 
have the advantage. 

The question of depth is, however, further 
complicated by the quality of the correction for 
spherical aberration of the lenses compared. It is 
by no means always true that commercial lenses of 
identical focal length and rapidity have equal 
depth of focus. 

With a lens of either construction the nearest 
distance to the front principal point at and beyond 
which all objects are in focus for a circle of indis- 
tinctness of 1/100' is one hundred times the clear 
aperture multiplied by the focal length with the 
addition of the focal length. More briefly : 

Nearest infinity = 100 af + f 



where a is the clear aperture on the front principal 
plane, and /the focal length. 
For a 20" lens at f/10, 

Nearest Infinity = 100.20^ J^ + 20 in. = 112 yds. 
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For a near subject sharply focused at a distance 
u from the front principal point, 

Front depth = - ■ - 



Back depth = — '^ ^^^ 



100 ;i^ - (u-f) 

Taking as an example the eases of ordinary 
and telephoto lenses, each of 20' focal length at 
f/10, giving a picture on one-third natural scale 
as on p, 48. 

First, with the ordinary lens 
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The telephoto lens has here more depth of focus 
for the same size of picture, but the increase of 
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exposure required to compensate for the additional 
distance is as 1 : 1"7. If, tlien, the ordinary lens 
be set to f/18, the exposure necessary for f/10 and 
f/13, corresponding as 1 : 1"7, the depth of focus is 
equal in the two cases, and the only shortening of 
exposure with the telephoto arises from the lumin- 
osity of the atmosphere. 

PERSPECTIVE AND THE SWING-BACK. 

Perspecti^te, or the representation of subjects 
in proportionate size, depends chiefly on the distance 
of the object from the lens. The false perspective, 
which is so commonly seen in photogi aphs, is due 
to the short distance from the object at which such 
photographs are taken, it being necessary with 
ordinary lenses closely to approach the subject in 
order to get a large picture. With the telephoto 
lens the picture may be taken from a suitable 
standpoint aud correct perspective preserved. 

The effect of distance is ivell seen in the pair of 
pictures reproduced as Plates 8 and 9. In the first, 
the hill appears insignificant, in the second the 
house has taken ils proper position in respect to it. 

In portraiture the effect is equally well marked. 
Hands and feet which appear disproportionately 
large when taken with an ordinary hand-camera 
lens, which is necessarily placed near the subject, 
assume their proper pioportions in the tehphoto- 
graph taken further away. 

Ordinary long-focus lenses of high rapidity, 
such as must be used in order to get a large picture 
far enough away for natural perspective, are 
expensive, with the result that there is considerable 
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advantage in choosing such a lens as the Gallon 
Telephoto. Those photographers who pay due 
attention to perspective, generally prefer soft 
defitdtion in the result, for which purpose special 
lenses have been constructed. 

The first was the Dallmeyer-Bergheim, designed 
for Mr. J. S. Bergheim in 1893. In these lenses 
the spherical and cliromatic aberrations give a 
remarkable softness to the picture without destroy- 
ing its structure. All the modelling is retained, but 
the negative itself is diffused, so that no faking 
during printing has to be done. At the same time 
the focusing must be learnt, as the image shown 
on the focusing screen is a little different from the 
result on the negative. 

The Dallmeyer-Bergheim being adjustable, a 
considerable difference in the scale of the pictures 
may be obtained simply by altering the extension 
and without changing the distance of the camera 
fiom the sitter. 

MM. Pulligny and Puyo introduced a similar 
tj'pe of lens in 1906 with the advantage of hither 
rapidity, and the latest Dallmeyer-Bergheim work's 
at f/6 and upwards. 

One of the eailiest applications of the telephoto 
lens was to architecture. Fine work on the ceiling, 
sculptural figures high up on the walls, gargoyles 
and other interesting details, must necessarily be 
photographed at a considerable distance. The 
telephoto lens gives the subject on a satisfactory 
scale, and enables the photographer to make a 
picture of an isolated piece. 

Good general views of a cathedral are frequently 
difficult to obtain, owing to the proximity of other 
ogle 
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buildings. A more satisfactory picture can, how- 
ever, often be obtained a mile or more away, when 
the smaller buildings and trees no longer obscure 
the vien . The most suitable position can then be 
chosen, and the lens modified to include only that 
portion of the subject which is wanted. 

For professional work, records of the state of 
the walls, of the appearance and spreading of 
cracks in buildings, of the permanence of the bricks, 
can be admirably made with the help of the tele- 
photo lens. The resulting photographs aVe likely 
to be of great service in any disputes that may 
arise, and by the use of suitable colour-screens 
much additional knowledge as to the age of different 
parts may be obtained. 

The camera must usually be tilted to include the 
upper portions of high buildings. It will be remem- 
bered that when an ordinary lens is used and the 
camera is tilted, in order to obtain correct perspective 
rendering, the camera back has to be swung so that 
the screen is parallel to the plane of the front of the 
building photographed , i.e., in genera] vertical. 
If this is not done, lines which are parallel in a 
vertical direction in the object photographed do 
not appear parallel in the photograph. The lens 
has to be stopped down in order to render the 
image sufficiently in focus all over the plate. The 
reason for this can be mathematically demonstrated, 
and, roughly, the result depends on the fact that a 
point which may be called the " optical " centre 
of the lens very nearly coincides with the " mechan- 
ical " centre, i.e., the position of the stop. There 
is an essential difference when we are using a 
telephoto lens. Here, the mechanical centre or 
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stop position is inside the lens, whereas the optical 
centre lies outside the lens altogether. The result 
is that, if the back be kept vertical, divergent 
distortion is produced ; that is to say, the image of 
a window is wider at the top than at the bottom. 
If, on the other hand, the back is kept square 
with the baseboard, there is the opposite type of 
distortion. (This distortion must not be confused 
with the distortion which is inherent in a lens owing 
to defective design and which is one of the " aber- 
rations " of a lens system ; such distortion always 
manifests itself in curvilinear form — barrel-shaped 
or pin -cushion, and, contrary to a widespread 
notion, cannot be reduced by any stopping down of 
the lens). The correct position is between the 
two ; in fact, a rough approximation for the angle 
through which the screen should be moved from its 
normal and square position in the camera is to 
divide the angle of tilt of the camera by the magni- 
fication (in this case, the ratio of focal length to 
extension for infinity) of the telephoto lens. Thus, 
if the angle of tilt is about 10°, and the magnification 
is unity, i.e., if an ordinary lens is used, the camera 
back should be moved through an angle 10° -^ 1, 
i.e., 10°, which means that the camera back is 
vertical. If we use a Dallon Series VI., XVI., or 
XVIII, in which the magnification is two, the camera 
back should be swung from its normal position 
through an angle 10° -^ 2 = 5", so that in thi^ case 
it is only swung abo^t half way to the vertical 
position. Plates 10 and 11 show the effects of 
tilt of the camera with the swing back in the two 
standard positions. Generally speaking, it is better 
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(since magnification less than two is not likely to 
be used) to leave the swing back in its normal 
position than to place it vertical. With high magni- 
fications there will usually be little reason for moving 
it at all, and this for two reasons — -first, with a 
high magnification the camera will ordinarily be 
a long way from the subject and therefore the angle 
of tilt of the camera will always be small to begin 
with ; and secondly, since the magnification is 
high, the amounc of swing necessary, being the tilt 
angle divided by a fairly large number, becomes 
verj' small and almost negligible as far as discernible 
results are concerned. Hence it is probably safer, 
at any rate for the beginner, to ignore the swing- 
back. Anotheradvantageinthis mode of procedure 
is that no stopping down is required to secure the 
necessary depth of focus. 

There is one unfortunate effect produced by the 
telephoto system, even with the swing-back set 
correctly — which, again, may be demonstrated 
mathematically to be due to the non -coincidence of 
optical and mechanical centres. The magnification, 
when the camera is tilted, of the horizontal lines is 
different from that of the vertical lines ; thus, 
though in the photograph the right angles of a square 
diagram in the subject photographed are reproduced 
as right angles, the lengths of the sides will not be 
equal— in fact a square is reproduced as a rectangle. 
Where exact measurements are required, this 
effect must be remembered ; and with a know- 
ledge of the camera's tilt it is quite simple to 
make an adequate correction to the results 
obtained. 
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Small objects, such as insects, articles of jewellery, 
screws, and the like, may he reproduced in natural 
size or on an enlarged scale with much less extension 
than is needed with a positive lens alone. The 
subject may also be placed farther away and 
natural perspective preserved. 

Using the combination of 5' positive and 2j' 
negative for an object 20' away, an extension of 
5" only gives the image in natural size, and at an 
extension of 12J* the image is twice as large as the 
original. At 10' extension, with the object 10' 
away, the image would be on five times the scale ; 
at 20" it would be on nine times the scale, and any 
enlargement could be obtained provided sufficient 
extension and separation between the lenses were 
available. 

With a positive only, we should have to use a 
lens of 2 J' focal length, to give the image in natural 
size at 6° extension, and the object would only be 
placed 5' away. For an image on five times the 
scale, the extension must be IS", and the object 
only 8* in front of the lens, 

The illumination with the- lens so close to the 
subject would be a seiious problem, whereas with 
the telephoto lens the increased working distance 
makes it easy to arrange satisfactory lighting. 

The same advantages of decreased extension 
and improved perspective, as were found when 
photographing on a reduced scale, are thus obtained 
by the use of the telephoto lens for enlai^ing. The 
depth for equal glass diameters is much greater and 
the focusing is considerably easier, but for equal 
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exposures there is no advantage in depth, as 
explained on p. 52. 

With fixed camera extension one may obtain 
any degree of enlargement by bringing the object 
close enough and adjusting the separation of the 
elements. To get the greatest magnification on a 
particular camera, the bellows should be fully 
extended, the elements separated as widely as 
possible, and the object moved until the image is 
sharp. Any further magnification can then only 
be obtained by an increase either of the separation 
or of the extension. 

Exposures are best found by trial and error, 
as conditions vary so mueh. A guess as to exposure 
should be made and the negative developed. If 
under-exposed, twice the previous exposure should 
be given, or if over-exposed, half should be tried. 
Successi\e exposures ought generally to be in the 
ratio of 2:1, as the effect of less proportionate 
increase or decrease can seldom be seen. Three or 
four trials will thus enable the photographer to get 
a good idea of the correct exposure. When the 
correct exposure has been found for one size of 
picture, it may be easily calculated for any other 
size according to the following rule : 

The exposure increases directly as the square 

of the magnification, and inversely as 

the square of the distance of the object 

from the lens. 

For example, with our 5" positive and 2j' 

negative used at 10" extension, an object 17^" 

from the front lens is reproduced at twice its 

natural size. With the same extension the object 
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iiDust be placed 10' away in order that its image 
may be five times as large, and the separation of 
the elements must be inereased sufficiently to focus 
the picture. 

If at 2 magnifications the object required 1 
minute exposure, the new exposure 
5^ W 



Had we increased the size of the picture by 
altering the extension and distance of the object 
without altering the lens, we should have had to 
place the object 16" from the front lens and increase 
the extension, the new exposure then 

5' 16* 
= ^ i^s = 5 minutes. 

There is thus a decided advantage in increasing 
the size of the image by adjustment of the Jen 
rather than by alteration of the extension. 

The illustration on p. 87 was taken with an Adon 
at 24' distance. The extension was 11", the 
separation of the lenses 4°, the ntngnification nearly 
two diameters, and the exposure in poor light 2 
minutes. Focusing was done roughly by moving 
the object, and finally by the rack and pinion on the 
lens. 
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SIMPLE MEASUREMENTS AND CALCULA- 
TIONS—RULES AND TABLES 
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THE MEASUREMENT OF FOCAL LENGTH 
POSITIVES 

As the foeal length of a positive lens is nearly 
the same as the extension, a good idea of its value 
can be obtained by measuring from the position 
of the diaphragm to the ground-glass, when distant 
objects are in sharp foeus. 

For an accurate determination there are a large 
number of methods, one of which is as follows : 

Cut two pieces of paper exactly alike, say two 
rectangular pieces each measuring 3" X 1". Set 
one up ill front of the lens at a distance of about 
double the extension for infinity, and focus on the 
ground-glass. The image will appear of nearly the 
same size as the other piece of paper, and it may be 
made to appear of exactly the same size by placing 
the first piece a little farthei away or a little nearer 
and refocusing. When image and object are of 
exactly equal size, a mark should be made on the 
baseboard at the edge of the screen, and a distant 
object, a quarter of a mile or more away, should 
be focused by moving the screen, keeping the 
lens fixed. The distance between the two positions 
is the measurement of the focal length. 

When a number of lenses have to be measured 

it is convenient to arrange the test described above 

for a eollimator. A piece of fine wire should be 

stretched in the focal plane of the coUimating lens, 

71 
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and another piece of fine wire of a known length 
should be placed two or three inches in front of 
the colhniating lens, the whole being illuminaU'd 
by an electric lamp at the Imek. The image of the 
front wire should then be focused and the positions 
of the lens and screen manipulated until the image 
and object appear to be of exactly equal size. The 
wire at the focus qf the collimator is then focused 
by pushing in the ground-glass, and the distance 
between the two positions gives the focal length. 

NEGATIVES 

As the image of an object formed by a negative 
lens cannot be reeei\ed on the groiind-glass, the 
focal length cannot be determined in the ways 
suggested above. An easy method which gives a 
near result is as follows : 

Measure with a pair of compasses the clear 
aperture of the negative and describe on a card 
a circle with this measuiement as radius. Place 
the negative in a beam of sunlight or in the path 
of the rays from a collimator, and move the card 
until the disc of light is of exactly this size. The 
focal length of the negative is then equal to the 
distance from the car:l to the middle of the glass. 

To obtain an accurate measurement, the negative 
should be fitted for use with a positive in adjustable 
mount. 

The size of image of a distant object thrown by 
the positive only is first measured. The negative 
is then attached and the system adjusted until 
the same object is four times as large. The position 
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of the focusing screen should be noted and the 
separation between the lenses again adjusted until 
the new image is eight times as large as the original 
image, the negative not being moved. A quarter 
of the shift of the ground-glass divided by the size 
of image thrown by the positive is then an accurate 
measurement of the focal length. 

If there is not sufficient extension available, the 
magnified images may be made two and four times 
as large as the original respeetively, in which case 
one-half the shift divided by the size of image 
thrown by the positive is equal to the focal length 
of the negative, 

SIMPLE CALCULATIONS 

DISTANT SUBJECTS FARTHER AWAY THAN ONE 
HUNDRED TIMES THE FOCAL LENGTH 

The use of a Dallmeyer Calculator for tlie purpose 
of avoiding calculations, when distant objects are 
concerned, has already been mentioned. To those 
who desire to work out the results for themselves, 
two ways are open. All data must, of course, be 
taken in one standard of length, either the inch or 
the centimetre. 

First, we may treat the telephoto as an ordinary 
positive lens of known focal length. This method 
is excellent with systems like the Adon. 

(1) To find the focal length. Multiply the 

extension by the power of the system 
and add the focal length of the positive. 

(2) To find the intensity. Divide the focal 

length by the clear aperture. 
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For iiistancc, witli a 5' positive of 1}" cipar 
apcrtuiv and a 2^' ncgativt- and 10" extension 

5 
I'owcr ol' syytem = ^ = 2 

Focal Icngtli = 2.10 + 5 ^ 25 

25 
Intensity — -j 

- f/20 

and tliis f/no. is available for use with any exposure 
meter. 

The covering power here is equal to the extension 
so that a whole plate would just be covered. 

Secondly, we may consider that the image is 
formed first by the positive and is subsequently 
magnified by the negative. This mctho<l is better 
for a positive with telephoto attachment, 
fl) To find the magnification-- 

(a) Divide the extension by the focol length 
of the negative and add unity ; 
or (h) Divide the focal length of the negative 
by the optical interval. 

(2) To find the intensity- 

Multiply the f/no. on the positive by the 
magnifieati(m as found by either of the 
above methods. 

(3) To find the focal length- 
Multiply the focal length of the positive 

by the magnification. 
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DISTORTION DUK TO TILTING OF THK CAMERA. 



ATii lo. -Window,— lakcu with the Adcm \vitli the l),u,c: 
board tilted at 13" to the horizontal, fotiiMnj; =crLt.n 
perpendicular to the baseboard. Here tin mntr frdiin. 
appears wider at the bottom than at the top. 
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DISTORTION DU1-: TO TILTING OF THI- fAMERA. 



Plate ii. — Window. — Taken under the same conditions as 
Plate 10, but with the camera back vertical. Here the 
inner frame is wider at the top than at the bottom. 
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Taking the same example as before — 

5* positive worliing at f/4, SJ' negative, 10" 
extension, find optical interval ^' 

(a) Magnification — Kl'i' ^ ~^ 



m 


-i -' 


Intensity 


- 1/4 X 5 




= f/20 


Focal Icngtli 


- 5 X 5 - 25 



To find the circle of illumination, the expression 
on p. 85 should be used. When the power of the 
system is two, the diagonal of the largest plate 
illuminated is about equal to the extension. When 
the power is higher, a smaller place is covered ; 
and, correspondingly, a lower-power system has 
more covering power. 



NEAR SUBJECTS 

HOW TO FIND THE EXTENSION FOR A PARTICULAR 
SIZE OF IMAGE OF AN OBJECT AT A GIVEN 
DISTANCE 

It is possible to determine the magnification by 
treating the telephoto system as a positive lens, 
the positions of the principal points ot which are 
known, but it is generally easier to split the effect 
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up into the work done by the positive and the 
negative separately. 

We therefore determine the magnification by 
the positive alone, and find how much this image 
is magnified by the negative. 

The positive magnification for a given lens 
depends only on the distance of the object from it. 
The negative magnification depends only on the 
extension used, and remains constant whatever 
the positive magnification and the distance of the 
object be. 

The principal points of the positive and negative 
respectively may be taken to coincide with the 
lenses themselves, as only small errors are introduced 
by this assumption. Measurements from the object 
should be made to the centre of the positive, and 
measuremenrs of extension to the centre of the 
negative. 

The circle of illumination depends on the exten- 
sion, and on the position and diameter of the stop. 
In built-up systems such as that composed of a 
positive with telephoto attachment, the stop is 
usually placed incorrectly, with the result that the 
field illuminated is diminished by stopping down. 
In the Adon and the fixed-focus type, reduction of 
aperture has scarcely any effect on the circle 
illuminated. It is usual for the intensities of the 
positive and negative lenses to be equal, so that 
the ratio of their diameters is equal to the ratio of 
their focal lengths or to the power of the system, 
and this permits of the formulse generally given 
being considerably simplified. 

Let M be the magnification produced by the 
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whole system, m^ and m., the positive and negative 
magnifications respectively, m the power of the 
system, /i and/c the focal lengths of the positive 
and negative, di and di their diameters, and v the 
extension. M and m, are greater than urity when 
the image is smaller than the object, and less than 
unity when the image is larger than the object. 



Distance of object 


- ('»,+i)/i 


Negative 


Positive magnification 


magnification 


Total magnifi(!ation 








Total magnification 


Positive magnification 


~ X negative 




magnification 


Extension v 


=^(m.-i)./; 




(m~l)v+J\{l+^) 


Separation of clement 




m. 


Focal length 


mv+fi 


Diameter of circle 


2mv d^ 


covered at full 


^m-1 f. 


aperture 
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EXAMPLES 

Taking our 5" positive of Ij' aperture and 2jr" 
negative of f° aperture and an object 250" away 
which is to be reproduced on ^ scale, i.e. M=7, we 
wish to find the extension to use. 

Here 250' = distance of object = (wii+l) 5 



Negative magnification — ^ = 7 
Extension = (7 — 1) 2^ 



(2-l)Xl5+5(H-.-) 
Separation of elements = ■ — — - — ~ 



Diameter of circle ■ 2 X 2 X 15 | _ , .. 
illuminated at full " 2-1 2^ 
aperture 
With the same lens, to determine the extension 
for a picture of an object 15' away on three times 
the scale, i.e. M = J. 

Here 15" == distance of object 

- {m, + l) 5 



Negative magnification = 8.2 ~ 6 
Extension ' =^(6-1)2^ 

- 121" 

. (2-1) 12i+5(l+8) 
Separation ot elements = ^ — ^^ — i ' 

-= 5- 4" 



D,gn,-.rihyGOO^Ie 



II 

,6 






hyGoo^le 



D,gn,-.rihyGOO^Ie 



EXAMPLES 8ft 

1. HOW TO FIND THE DISTANCE FROM THE SITTER 
AT WHICH THE LENS SHOULD BE PLACED TO 
TAKE A HEAD-AND-fillOULDERS PICTURE ON 
^ SCALE. 

Taking the head and shoulders as measuring 
18", we wish to get an image 0' long, for which 
purpose a TO X 8 eamera would be wanted, having 
an available extension of probably 15". 
Negative magnification m^ 

_ extension 

negative foeal length 

Positive magnification m^ 

^ Total magnification X 

negative magnification 
= 2.7 - 14 
Distance of object = (m, + l)./i == 15.5 

= 75" 
Diameter of circle 2.2.15 | 

illuminated at 2- 1 ■ 2^ 

full aperture 

Therefore, with this extension, the eamera would 
be placed just over C feet from the sitter to get the 
tiize of picture required. 

With an ordinary portrait lens of 11" foeal length, 
the camera would be only 33' from the sitter, so 
that the rendering of perspective with the telephoto 
would be substantially better. 
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2. now TO FIND THE MAXIMUM MAGNIFICATION 
POSSIBLE WITH A GIVEN EXTENSION AND LENS 
SEPARATION. 

With the same lens, let the extension bo 15" 
and the greatest separation be 5'. 
5" = separation 

(2-1)15 + 5(1 + 1) 



from whieh 

B- ■ 

Thus three niagnifieations can be obtained in this 
case. 

The following rules put the method more eon- 
cisely : 

1. TO FIND THE EXTENSION FOR A GIVEN MAGNIFI- 
CATION AND DISTANCE OF THE SUBJECT— 

Divide tJie distance of the subject by the 

foeal length and subtract one. This is 

the first rcsidt. 
Multiply the first result by the scale of image 

desired and subtract one, thus obtaining 

the second result. 
Multiply the second result by tlie focal length 

of tlie negative, obtaining the camera 

extension required. 
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Example. — Positive focal length = 5" 
Negative focal length = 2^" 
Distance of subject = 80". Image 
to be on ^ scale 

1st result = — - 1 =: 3 
5 

2nd result = — 1 — 
2 2 

Extension = ? 2j=8| 

Example. — Positive focal length — 5". 
Negative focallength =2^' 
Distance of subject = 30". Image 
to be on three times the scale 

1st result = ^ - ] = 5 
5 

2nd result = 3.5 ~ 1 = 14 

Extension = 14.2^^^85" 

It would be best in this ease to bring the object 
nearer and so reduce the extension needed. 

2. TO OBTAIN THE DISTANCE BETWEEN LENS AND 
SUBJECT FOR A DESIHED SCALE OF IMAGE 

Measure the extension available. Divide this 
by the focal length of the negative and 
add one. This is the first result. 
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Multiply the fir^t result by the reciprocal of 

the scale of image required and add one, 

obtaining the second result. 
Multiply the second result by the focal length 

of the positive, thus getting the distance 

of object desired. 

Example.- -5' positive and 2*" negative, 10' 
extension. 

Image to be on J scale of objecl . 

1st result = 1? + 1 = 5 

2^ 

2nd result ^ 5 ^+1 — 11 

8rd result =11.5-56'' 

It is essential to take care that all measurements 
be in inches or centimetres, not some in one and 
some in the other measure. 

The accompanying table is intended for use with 
the Adon or other telephoto lens, in which the 
positive and negative are of 4^" and 2" focal lengths 
respectively. The first column shows the scale of 
the image which it is dcMred to obtain. The second 
indicates the distanc^e of the object, and the thin! 
and fourth the corresponding extension and separa- 
tion of the elements. To make use of the table, 
the apparatus should be set up at the distances 
mentioned and focusing effected, first by moving 
the object, and, finally, by the rack and pinion on 
the lens. As the table shows, there are alternative 
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ways of o!)taining a particular scale of image. The 
most suitable, depending on the space, extension, 
and separation available, can easily be chosen. 

The maximum lens separation in the standard 
model of the Aden is 2^', but additional tubes for 
increasing this separation may be obtained from the 
makers. For the higher magnifications the aperture 
must be reduced, and exposure in all cases deter- 
mined by trial and error. The circle of illumination 
varies at each extension, the diagonal of the largest 
plate covered being in ail cases about equal to the 
extension. 
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TABLE FOR THE ADON TELEPHOTO LENS 
FOR NEAR SUBJECTS. 



K 
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Most cameras can be satisfactorily used for tele- 
photography, provided that the lenses attached to 
them can be removed either entirely or in part. If 
the entire lens can be taken away, as is the more 
usual, any of the lenses described in Chapter III. 
may be fitted. Lenses of the fixed-focus type are 
very suitable for Reflex cameras ; whilst lenses 
such as the Adon, or a telephoto attachment fitted 
to the existing lens on the camera, can best be used 
on cameras with a considerable range of extension. 
It is an advantage to have a rigid camera, as 
vibration destroys definition, particularly with high 
magnification. At the same time it is not necessary 
to carry about the very heavy apparatus that was 
at one time thought necessary, provided that 
reasonable care is taken in manipulation, and 
ample time is given for the apparatus to come to 
rest after focusing and the like operations have 
been carried out. For this reason a simple shutter 
may advantageously be fitted. 

Medium magnification fixed-focus telephotos are 
used exactly as ordinary lenses, and no special 
precautions apart from care in focusing and avoid- 
ance of vibration need be taken. Fine instantaneous 
work may be done with them, as with ordinary 
lenses working at f/6, f/4*5, and similar apertures. 

The rest of this chapter refers, therefore, to lenses 
H loi 
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M'ith wliicli high magnification is undertaken. 
Vibration can in sut-Ii cases he avoided by the use 
of a hght strut, with one end on the front portion 
of the camera, the other end being attached to one 
of the legs of the tripod. This small additional 
support steadies the whole apparatus in a marked 
■way. 

Focusing. — A focusing glass of fairly high 
power should be used in order to reduce the 
" accommodation " of the eye. The depth of 
focus is generally considerable, and for this reason 
focusing is best done by the rack and pinion motion 
of the lens, A very slight turn of the pinion makes 
a considerable difference to the image, whilst the 
camera baseboard may sometimes be moved 
backwards and fonvards two or three inches without 
making any appreciable difference. It is preferable, 
therefore, to set the camera to a definite extension, 
giving the magnification wanted, and to focus by 
means of the lens. Mechanical arrangements, such 
as the Hook's Joint Handle, may be employed, or 
an assistant can turn the pinion. It is, however 
only in unusual, circumstances that very long 
extensions are wanted, as it is often simpler to use 
a short-focus negative and thus reduce camera 
extension. If, for instance, one is limited to an 
extension of 12" on which a telephoto lens consisting 
of a 6" positive and a 3" negative is used, the 
maximum obtainable is 5 magnifications. Then by 
simply replacing the negative by one of 2" focal 
length, one increases the magnification to7 diameters 
without altering the extension ; and by using a 
negative of I of an inch focal length, one can increase 
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the magnification to 17 diameters, without the need 
for at all long extension. Magnification up to 40 
and 50 diameters is sometimes obtained in this 
way, and the short camera extension required makes 
this method very convenient. At the same time, 
the limits imposed by the necessarily small diameter 
or high complexity of the high-power negatives 
should be remembered. 

Very finely-ground glass should be chosen for 
the focusing screen. Entirely clear glass is 
troublesome, as on clear glass the image looks 
sharp in all positions. 

The parallax method of focusing is a useful one 
for avoiding straining of the eyes. For this purpose, 
a clear disc should be left in the ground glass, over 
part of which a strip of thin brass or tinfoil should 
be stuck. The magnifier must then be set for the 
strip of brass and the picture focused approxim- 
ately. A portion of the image which comes over 
the edge of the tinfoil should be selected, and the 
eye moved sideways across the field of the magnifier. 
When the object is in perfect focus, the part of the 
pieturc selected and the edge of the tinfoil will 
move together, whereas in all other positions one 
will move relatively to the other. 

Stopping down must frequently be resorted to 
in order to get sharp definition, and apertures as 
small as f/2'iO and f/S60 are quite common. It 
has been said that no smaller aperture than f/71 
shoidd be used ; }>ut Lord Rayleigh, wlio is usually 
quoted as authority for this statement, in a letter 
to the author disclaimed responsibility for the 
limit suggested. 
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Diffraction, with consequent i7Tipaimient of 
definition, may occur with small stops, but tlie 
point at which thisoccurs depends on the brightness 
of tlie object. A much smaller stop could be used 
for such a subject as a distant mountain, than for 
a luminous body like the sun. 

Exposure. — As with an ordinary lens, the 
important thing to ascertain is the f/no, at which 
the combination is working. In the fixed-focus 
type this f/no. is stated on the lens. In the case of 
the variable types this f/niimber must be ascertained 
in one of the ways already described. The f/no. so 
found may be used with any exposure meter, and the 
lime of exposure for distant subjects obtained. 

The f/ratio for a tclephoto lens is exactly the 
same as for an ordinary lens, and is used to determine 
the exposure in the same way. It will be remem- 
bered that the f/nos. run f/2, f/2-S, f/4, f/5-6, f/8, 
f/11, f/16, f/22, f/23, f/45, f/64, f/90, f/l28, f/180, 
f/256, f/360, etc., and that each f/no. requires 
double the exposure of the previous. If, for instance, 
1 second be correct at f/4, 2 seconds are required at 
f/5'6, 4 seconds at f/8, 8 seconds at f/ll, 16 seconds 
at f/16, 32 seconds at f/22, 64 seconds at f/32, 128 
seconds at f/45, and in proportion. 

For instance, the Adon at full aperture and at 
6" extension, works at f/15. If the Wynne speed 
number of the plate used be 90, and if the time 
taken for the sensitive paper to darken be 20 seconds 
then the correct exposure, as shown by a Wynne 
actiiiomcter, is half a second. 

Having deternjined the exposure for the Adon 
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at full aperture, the exposure at sraallci stops is 
obtained by multiplying the exposure so found by 
the number on the iris handle. 

If, for instance, one stops the Aden down to 
No, i stop, the exposure in the above case would 
be 2 seconds, at No, Id stop it would be 8 seconds, 
and in proportion. 

Again, if we are using an f/8 positive lens at 4 
magnifications the i'lno. of the system is f/32. If 
the positive only required J of a second exposure, 
the telephoto at f/32 will require 4 seconds, just 
sixteen times as long. 

Although the exposure for the Adon determined 
by the Wynne meter is half a second, the character 
of the subject must be taken into consideration. 
An exposure which is correct for an open view of 
the sea with ships would not be right for one of the 
ships alone, which probably would be all that was 
included in the telephotograph. The instructions 
given with exposure meters state that additional 
exposure nnust he given for dark objects in the 
foreground and the like ; and these differences 
should be borne in mind. 

Besides, the atmosphere is itself luminous and 
affects the plate, giving the effect of flatness. When 
a screen is not used, only one-half to one-third the 
calculated exposure should therefore be given. 
If a suitable screen is used — and its use is to be 
recommended — the atmospheric haze is eliminated, 
and exposures according to calculation are correct. 
Dr. C. E. K. Mees, however, in a communication 
to the author, advises a slight diminution from the 
calculated times. He observes that there is a 
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lower range of contrasts in distant objects bj' reason 
of the removal below the limit of resolving power 
of most objects forming the extremes of contrast 
in the subject, and that as exposures must be in 
proportion to the scale of contrast, the calculated 
times may be decreased. 

For subjects at moderate distances, the ca!<;ulated 
exposures are correct ; but for those quite close, 
trial and correction of error is the best way. 

The optical correction of the colour screens should 
be good, as defects are magnified by the negative 
lens. The screens should therefore be made of 
optically-worked glass, or of gelatine cemented 
bct^^cen flats, K,, Ko, K3, and G screens are all 
satisfactory. 

Reasonable results can also he obtained by 
fitting less perfect screens to the back of the negative 
and stopping down. Focusing should always be 
done with the screen in position, as the interposition 
of the screen usually alters the focus. 

A long hood is of great advantage, because it 
cuts off much of the stray light, which has a tendency 
to fog the plate. The hood thus increases the 
brilliancy of the pictures and improves the contrast. 
The simplest and most convenient form consists of 
a tube, or a set of tubes, sliding on the lens mount. 
These arc entirely out of the way when not wanted, 
and they may be extended to a considerable distance 
in front of the lens. There are other forms also 
which consist of miniature cameras, and allow of 
very exact adjustment. 

Plates should be fully developed to make sure 
that all detail has appeared. 
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Covering Power. — This term is sometimes used 
in two senses. It may refer either to the extent of 
field illuminated, or to the extent of field sharply 
defined. The maximum circle of illumination 
depends on the extension, and is sometimes 
diminished by stopping down. On the other-hand 
the field sharply defined is generally less than the 
circle of illumination, and may be increased up to 
this limit by reducing the aperture. 

To ensure that a particular size of plate be illum- 
inated, the diameter of the circle of illumination 
must be equal to or greater than the diagonal of the 
plate. As stopping down in variable-type lenses 
may decrease the area illuminated, a somewhat 
longer extension than the minimum should be 
chosen. With lenses in which the focal length of 
the positive is double that of the negative, the 
diameter of the circle of illumination at the largest 
stop is about equal to the extension, so that the 
area covered is very easily measured. This area 
depends on the extension, and is unchanged, whether 
the lens is focused for near or distant subjects. 

To make sure that the entire plate is covered, a 
lighted candle or other bright object should be 
passed across the field, and the apparatus arranged 
in such a manner that the image, even if out of 
focus, can be seen to the extreme corners of the 
plate. 

View-Fin DERS,— The angle included by a tele- 
photolens is small compared with that of an ordinary 
lens. The regular view-finder therefore includes 
far more subject than actually appears on the 
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plate. With the flxed-focus type of telephoto lens, 
it is quite easy to mask down the ordinary flndcr ; 
but for the variable-focus the task is rather difficult, 
as the field included varies with the magnification. 
A very simple finder can be made out of a piece of 
brass rod fitted at one end with a small brass plate, 
pierced with a sight hole. Along the rod a recta- 
angular wire frame can be fitted, and this frame can 
be movc<l backwards and forwards along the rod 
to show the field included at various extensions. 
Another method is the use of one of the view-meters, 
whichconsist of the lenses of an opera -glass reversed 
in position. The distance apart of these lenses can 
be varied in accordance with the magnification of 
the telephoto lens. .Such a finder may be made to 
sei-v'e for a fair range of extension, but it can 
scarcely be employed for all focal lengths from zero 
to infinity. 
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" You will read with profit and pleasure Telephotography. 
wherein the marvels wrouglit by the ' te!ephoto,' which stands in 
the same relation to the ordinary lens as a telescope does to the 
human eye, are fully described." — -Onlooker. 

" We welcome this little volume, in which tlipse problems are 
dealt with in a practical and very concise manner. The book 
includes some remarkable illustrations." — Nature. 

" A useful and easily understood handbook dealing with a 
branch of photography which is destined to atttact an inn-casing 
share of attention." — Daily Telegraph, 

" In simple language Mr, Lan-Davis has given a clear e.tposition 
of the theory of telephotography in this interesting little book 
. . . well illustrated and of convenient siie. It should be 
interesting to all camera men," — Bioscope. 

" The publication of a work such as this, written by one who 
thoroughly understands their mauulacture and application, is, 
therefore, an event in the photographic' jear. Careful perusal 
of the work should disabuse the camera worker ot the idea that 
mystery surrounds telephotography ... A valuable chapter 
of working data is given. The book Vi full of instruction. — Daily 
Graphic. 

" An excelitnt handbook, illustrated by sixteen full-page 
reproductions of photographs made with ordinary and tclephoto 
lense.s. and seven diagrams. The frontispiece, a' splendid piece 
of work, shows Mount Kenya, British East Africa, taken from 
Nairobi, go miles away, with a telephoto lens ... an eve- 
opener to most photographers unfamiliar with this class of lens." 
— Australian Photo- Review. 

" A valuable feature is the special attention given to the use 
of the telephoto lens in the case of near objects, which extremely 
important application is seldom, treated with sufficient attention 
to detail. Numerous illustrations showing various applications 
of telephotography, and the working data which appear in the 
last few chapters, render it a useful reference book in a photo- 
graphic library." — Briliih Journal of Photography. 
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" Extremely valuable to the practical worker. The book, 
which is clearly written, contains numerous examples illustrating 
the various applications of Telepnotograpny, as well as carefully 
compiled worlang data, and should certainly be studied by all 
those interested in this branch of photographic work." — 
Knoailcdgs. 

" An outline of the theory and practice." — London Teacher. 

" Routledge have issued a useful and authoritative brochure 
upon Telephotography, by Cyril F. Lan-Davis, which will appeal 
to photographers — an inoreasing number— who work with the 
long-distance lens." — Liverpool Courier. 



" Mr. Davis, after a short introduction, tackles his subject 
right away, and deals with it so simply and clearly that one 
begins to feel an expert in telephotography . . . The 
numerous illustrations bring home to one so strikingly 

the enormous advantages of the telephoto lens over the ordinary 
types, that one becomes eager to be up and experimenting for 
oneself. The author gives much good advice as to the choice of 
telephoto lenses and attachments to ordinary cameras, and 
completes his work with a very useful chapter on working data." 
— Bystander, 

" A new wonderland is opened by a little volume entitled 
Telephotography. . . It is a small book, but it is crammed 
with useful information Mr. Lan-Davis has approached 

his subject as a practical (we had almost said — severely practical) 
man — who has the minutest detail of his subject at h'.s fingers' 
ends, who is determined to impart his knowledge to others, and 
goes at it in a business-like way, without the use ot one unneces.sary 
word. . . Every photographer who wishes to advance a 
step in the science and art of photography should get it and study 
Telephotography . — Graphic. 

subject in a clear and practical manner." — 



" Interesting and helpful." — Scolsman. 

" The theory of the subject is very carefully expounded, and 
methods of working are carefully detailed . "—Wo«. Guardian 
Lit. Supp. 
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